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(54} Improved preparation of fragile 
devices 

(57) The invention principally concerns 
a technique of preparing a lead frame for 
semiconductor integrated circuits, 
although the technique is also 
applicable to other contact frames. 

A technique is described whereby 
material is removed to a certain depth 
over the lead frame foil blank's inner 
area, where the fragile inner 
connections to the integrated circuit wiil 
eventually be, to define these proposed 
fragile inner connections, supporting 
them with a fixing material, and then 
remcving rurther'material, from the 
otherface of the blahjc, even the inner 
area, so as to complete the formation of 
the fragile connections. 

In this way, when using the method 
to make by etching thefine inner leads of 
a lead frame, it is the wide bases of the 
leads that are revealed and to which the 
wireconnections maybe bonded, rather 
than "undercut" upper surfaces. 
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SPECIFICATION 

Improved preparation of fragile devices 

5- This invention concerns the preparation of fragile 
devices by the removal of part of a suitable body 
of materia* (by an etching or similar removal proc-' 
essl, and relates particularly, though not exclu- 
sively, -o the formation of lead-frames useful in 

10 connection with the packaging of micro-eiecrronic 
devices such as integrated circuits. 

The main concept of the invention is conveni- 
ently described with reference to lead-frames. 
As is now well known it is possible to manufec- 

15 ture verv complex electronic circuits in the form of 
"chics", in which the circuit ■ containing both pas- 
sive comocnents. such 53 conductors, resistors 
and capacitors, and active components, sucn as 
diodes, transistors and other semi-conductor de- 

20 vices - is termed on and in the surface of 5 finger- 
nsii-sizec chip of silicon. In a Large Scaie 
integrated device the number of connections in 
2nd cut cf the chip may well be at around the 
hundred marie, but -'recuentiy chip designers are 

25 rressinc for lead counts of 3 much greater value - 
ccssibly as high as 400. To fit these in within the 
available space, the actual conductors forming 
these connections have :c be oniy about • thou 
■about 25 microns! wide: this is finer - 3nd much 

20 mere delicate • than the finest human hair. 

Naturally, the cr.io, and its connectors, has to be 
orctectea, and it is common to encase, or package, 
the chio, usually in a plastics or ceramic material, 
tc make a larger, stronger articie wnich may reia- 

23 tiveiy safely be handled curing the construction of 
the device of which the chip forms a part. One 
possible end result is the familiar Dual Inline Pack- 
age (DIP), en oblong object the size of a LEGO 
■R.7.M.) brick with conductor "legs" extending 

^0 downwardly therefrom along either side by which 
the DIP may be connectec onto a Printed Circuit 
Board (PC9) via holes therein. Another - frequently 
used where- the-number of connectors to the chip 
is iarge -is the Flat Pack (FP), a square object that 

45 has its legs on two or all four sides and extending 
below and then outwardly so that it can sit on the 
PCS with its legs flush with, and soldered to, the 
tracks on the board's surface.' Such a result (the 
DIP or FP) is preferably achieved by packaging the 

50 chip together with what is called a "lead-frame" (a 
framework of "radially" extending conductive 
leads mat are very fine and fragile on rhe inside, 
where the 25 micron connections are made from 
them to special pads on the chip itself, but are 

55 much coarser, and more robust, on the outside, 
where the connections are made to the PCS). The 
invention is concerned with the preparation of 
fragile bodies like this lead-frame. 
It is common practice to construct a lead-frame 

60 by starting with a foil or sheet blank of relatively 
thick, robust material (robust enough to make the 
legs of a DIP or FP, say), and to remove this mate- 
rial, often by etching, where it is not required at all 
(the empty spaces between tegs). Unfortunately, 

65 the sheer quantity of material to be removed, cou- 
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pled with the very significant problems of control- 
ling the removal orocess so as to ramove only 
what is required to be removed, means that it is 
very difficult to start with a thick and robust foil 
70 and and with 3 lead -frame the inner parts of which 
are sufficiently narrow and deiicate. in one conven- 
tional method, cuite suitable for making a Flat Pack 
lead-frame with only a few - say, four or rive - con- 
nectors per side {making 16 or 20 in 3 1 1 four sioesi, 
75 the !e3C-fr3me blank is masked on either major 
race sc as :o define those areas wanted (the con- 
nectors, together with a few temporary sections 
holding the whole together) ano unwanted (th*9 
spaces between connecters together with the cen- 
30 trai area where the chic will oe), and placed in a 
bath of chemica! ercham material until all the un- 
wanted material has been etched away. The result 
is a "skeietcn" of conductors uniformly as thick 33 
the originai sheet (typically 0.1mm - 100 microns - 
35 or sc) but wider on the outside (perhaps 1mm - 
1 000 microns) .than on the inside (possibly 0.3mm - 
300 microns). With a low !eaa count it is accepta- 
ble to form these inner ieads with their inner ends 
free, for their thickness and width make them rea- 
30 sonabiy rigid. However, with a higher lead count - 
say 20 tc 25 connections per sice (making 30 to 
1 CO in all) this is unacceptable, and it is necessary 
to leave unetched a cantrai, leac-ratatning, portion 
to which each fine lead end is attached by a very 
35 narrow neck, then to "fix" the .'eads by a packag- 
ing operation, and finally to chip away the lead-re- 
taining portion (through the narrow necks) so as to 
leave the :ids of the leads free and ready to;be 
connected to the relevant chip pads. Unfortunately. 

100 with 3 lead count that is higher still - say, 50 con- 
nections per side {making 200 in all) it becomes 
necessary to reduca the width of the individual 
leads at their "fine" end to as little as .05 mm (50 
microns), and the sheer mechanics of fixing such 

105 fine leads, and then chopping away the lead-retain- 
ing portion, becomes almost impossible to man- 
age. The invention cf our copending Application 
for Letters Patent No. 851S709 (publication 
No ) (I/6993/M6), a copy of which is annexed 

110 hereto as pare of the present disclosure, seeks to 
mitigate the problems by providing the "fixing" 
support for these very fine leads not after they 
have been formed but before. More specifically, 
this other invention suggests a technique whereby 

115 most of the thickness of the material over the 
whole of the lead-frame foil blank's inner area 
(where the inner connections to Ihe chip will even- 
tually be) is removed from one face to make a gen- 
erally robust foil with a centrally-located recess 

120 defining a much thinner inner section, the recess is 
filled with some "fixing" material that will both 
provide support for and hold in position the thin 
inner section, and further material is then removed 
from the other face of the blank so as to form the 

125 fine inner parts of the lead-frame, these being 

firmly supported, and held in place, by the "fixing" 
material filling what was the recess in the foil. 
Such a technique is, of course, applicable to the 
preparation of many devices in which a fragile area 

130 is formed by the removal of a part of a more ro- 
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bust area. 

The invention the subject of this other Applica- 
tion is defined as a method of fabricating a gener- 
ally planar, sheet-like, device naving a first, robust, 
5 area and. contiguous therewith, a second, fragile, 70 
area to be constructed by removal of some o: :ne 
material of which the device consists, in which 
method: 

a) starting with a corresponding generally 
10 planar, sneet-like blank, in wnich both first and 75 
second areas are robust, some cf the material to 
be removed from the blank to make the second. 
fr5c;i5, are3 is so removed from one major face zf 
the blank, to form a recass in the clank; 
15 bj the thus-formed recess is rilled with a fixing 
material, so 3S to support and fix in ofacs the thin 
area of blank materia) constituting :he base of tne 
recess; and thereafter 
c; the remainder of :he material to be removed 

20 from ;he blank to make the second, fragile, area is 
so removed from the other major face or the biar.k. 
so forming the required second, : ragiie, ere3 suc- 
■ ported «nd fixed by the fixing material anc contig- 
uous with the first, robust, area. 

25 Unfortunately, though' this defined method dees 90 
i nosed enable there to be prepared devices of the 
type specified, and specifically tc allow there to be 
formec by a through-mask etching process lead 
f.-smss r^^lng extremely fine inner leacs occupy- 

30 inc :he second (fragile) area, nevertheless it does 95 
surfer from one minor disadvantage for this partic- 
ular use, which disadvantage arises because of the 
occurrence of mask undercutting curing the stage 
of etching from the other major face. The problem 

35 can be explained as follows:- ioo 
The preferred technique (using this other inven- 
tion; involves removing material from the blank by 
an etching process, specifically a chemical etching 
process. In this process the blank is first coated 

40 with 3 masking layer, that covers the areas not tc 105 
be etched, away;* and is- then contacted with the 
etcn solution. Naturally, the etching occurs only 
where the blank materia! is exposed - and at first 
this is indeed the surface. However, as the etching 

45 progresses, cutting a deeper and deeper "groove" 1 10 
(into the blank material) bounded by "walls" cf 
blank material underlying, and thus protected by, 
the mask, so the etchant attacks not merely the 
"floor" of the groove but also these very walls. 

50 Thus, the etch process eats "sideways" into the 115 
blank material into the areas beneath the mask, so 
uncercutting the mask. Of course, the degree of 
undercut depends on a number of factors, includ- 
ing the detailed crystalographic structure of the 

55 blank material and the physical way in which the 120 
etchant is allowed to contact the surface; it is com- 
mon, however, for the unwanted undercut to be 
about half the depth of the desired etching. The 
net result, though, is that when the mask is re- 

60 moved che fine leads produced by the etching 125 
process have quite substantial, wide, bases (where 
little sideways etching occurred), but have ex- 
tremely narrow tops (where the maximum under- 
cutting took place). And most unfortunately it is to 

65 these tips that there must be bonded the wires 130 



connecting the leads to the chip to be mouncea in 
the lead frame; as can be imagined, bonding these 
wires to leads each of which have hair* - or less - 
than the thickness they should have is quits diffi- 
cult. 

The present invention seeks to solve this orob- 
lem by the extremely simple, but nevertheless very 
effective, expedient cf, as it were, performinc the 
methoc of this other invention in reverse - tnat is 
to say, not of firs: removing material from one face 
of the blank to form a recess, and then removing 
the remainder of the material from che other major 
face, but instead of rirs: removing material tc da- 
fine the comconents of the proposed fragile area 
cf the blank, supporting these with fixing material, 
ana then removing -he remaining material ;tc 
make a recess) from the other face. In this way, 
when using the method to make by etchinc the 
fire inner leads cf a ieac frame, it is the '.vice " 
bases of the leads that are reveaied and to which 
the wire connections may be ben dec, rzzher than 
the "undercut" upper surfaces. 

in one aspect, therefore, the present invention 
orovides a method of fabricating a generally 
pianar, sheet-like, device having a first, robust, 
area and. contiguous therewith, a second, fragile, 
area to be constructed by removal of seme cf the 
material of which the device consists, in wnic.i 
metned: 

ei starting with a corresponcing genera iiy 
planar, sheet-like blank, in which both first and 
seconc areas are rcbust. some cf the mate/iai to 
be removed rrom :he blank to make the second, 
fragile, area is so removed from one major face of 
the blank, to form fragile components upstanc'inq 
from, and supported by, a base of the blank mate- 
rial; 

b| the thus-formed components are intimately 
surrounded by a fixing material, so as to support 
and fix them in piace; and thereafter 

c) the remainder of the material to be removed 
from the blank to make the second, fragile, area - 
the base from which the fragile components are 
upstanding - is so removed from the other major 
face of the blank, so forming the required second, 
fragile, area supported and fixed by the fixing ma- 
terial and contiguous with the first, robust, area. 

The method of the invention can, as stated her- 
einbefore, be applied in the fabrication of numer- 
ous types of device, and examples of these are 
contact sets for electrical switches, and positional 
sensors. Nevertheless, it is especially suited to the 
manufacture of lead-frames, as described above, 
and is for the most par; discussed funher herein- 
after with reference to such a use. 

The inventive method is used in the formation of 
a generally planar (that is to say, flat), sheet-like, 
device, and starts with a corresponding generally 
planar, sheet-like, blank. This blank is a sheet, or 
foil, of material - thus, an article having an area 
(and length and breadth dimensions) large relative 
to its thickness, and so has two major faces {the 
two "sides" of the sheet). 

The material of which the blank is constituted 
naturally depends upon the nature of the device to 
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be made. For a lead-frame the material must be an 
electrical conductor, especially one that is suffi- 
ciently malleable to allow itself to be shaped by a 
bending operation .(subsequent to the method of 
5 the invention the robust area of the blank will be 
made into the "legs" or the package, and wiil need 
to be bent - and oerhaps re-bent • out of the sheet 
plane and into the correct shape!. Typical iead- 
frame materials are made of a suitable metal: 
10 r.ickei-iron alloys of the KOVAR (R.T.M.) or INVAR 
{R.7.M.) type are very suitable, as are copper and. 
copper-based alloys such 3s beryllium-copes:, 
phosphor brcr.ze (an ailoy of t:n and copper with 
up to 0.5wt% chosohorus) and copper-iron pncs- 
15 phorus ailoys like OLiN 194 (R.T..VU. 

The device :c be fabricated is one having a first 
area -hat is robust and - contiguous :herewi:r. (and 
probably whcieiy surrounded the^ebyl - a second 
3rea thai is frecrle. The :wo terms "robust" and 
20 "fragile" are used :n 3 fairly relative sense - the 
"fragile" are5 is one that is significantly less rocusr 
than the robust area, and vice versa - ;hcuch 
where a lead-frame is concerned the "robust" area 
ends up as the "legs" of the final package, -cugh 
25 enough to withstand handling, whiie the "fraciie"" 
area ends up as extremely fine conductors : azr.tr 
more delicate than human hair. 

The method of the invention involves removing 
material from the second area of the biank iao.c so 
30 making that area fragile}. Naturally, the distribution 
of this removal - where, and how much, material 
is removed - depends on the type of device. For a 
Ie3d-frame, however, there are two distinct classes 
of material to be removed. One is material re- 
35 moved simply to "thin" the sheet over the whole 
of the defined, second, area, so that it becomes 
mere suitable for forming into the inner leads of 
the lead-frame. The other is material removed from 
between those portions that are to be the ieads, so 
40 separating each lead from, its neighbours. In the 
first stage the- "between-lead blank material is re- 
moved from one ofthe blank's major faces, so 
leaving the formed leads flush with this major face, 
and standing proud from the remaining "thick- 
45 ness" of the blank {which therefore constitutes a 
base carrying the formed leads), while in the sec- 
ond stage that base is removed from the other ma- 
jor face, so ending with the leads in this area 
having a depth equal to roughly half the blank's 
50 original thickness. 

Removal of material from the blank is accom- 
plished by 3ny technique suited to the intended 
device. Thus, the methods of removal include par- 
ticle ablation and laser trimming, but - especially 
55. for lead-frames - chemical etching is the preferred 
technique. Of course, in this latter case the nature 
of the etchant will be chosen to fit the blank mate- 
rial; the methods are well known in the Art, and 
need no detailed comment here - though it may be 
60 useful simply to note that nickel iron alloys can 
best be etched by ferric chloride/hydrochloric acid 
mixtures, or nitric acid-based materials, while cop- 
per and its alloys ore preferably dealt with using 
either ferric chloride or ammoniacal cupric chloride 
65 {REGcNEX, for instance). It is also worth pointing 



out that etching (and, indeed, other techniques of 
material removal) has to be done selectively - 
some areas are to be removed, some not - and a 
convenient way to arrange this is *.o "mask" tne 

70 areas not to be etched with a protective coating 
that is unaffected by the etchant to be employed. 
Within reason - as explained hereinbefore a de- 
gree of "undercutting" of the mas!< is. unfortu- 
nately, inevitable, and is the greater as the depth 

75 of tne etching increases - this masking ensures that 
oniy tne unmasked, exoosed, areas are etched 
away. 

!n :he first stage of the method of the invention 
material is removed from the second area cf the 
80 blank (that area destined to become the fragile 
area of the device), to leave the intended fraciie 
components uostancinc from, and suopcr.ed by, a 
base constituted by second area blank material 
that has not been removed. Thus, where in the fi-~ 
85 nai device, there is to be no biank material, then in 
those areas the material is removed - but only to a 
depth that is a fraction of the thickness cf the 
blank, so that these parts cf the blank that wiil 
eventually form the fragiie components are ieft uc- 
S0 standing/prcjectir.g from a "base" of the remairinc 
thickness of the biank. The actual disposition cf trie 
material to be removed will, naturally, be approori- 
ate to the device being fabricated; for a lead -frame 
it is that material lying between the portions ceiin- 
S5 ing the inner leads, the intended fragiie compo- 
nents being these inner leads themselves. 

At the same time as material is removed from 
the second area of the blank it is. of course, possi- 
ble to remove material from the first area (tr.e area 
100 destined to become the robust area of the device). 
For example, when the device is a lead-frame it is 
naturally a requirement that the robust area end uc 
as leads the outer part of which make the legs cf 
the final package, so that somewhere along the 
105 way there must be removed from the blank's ro- 
bust area all the material between those portions 
destined to be these leads. At least some of this 
surplus material can, then, be removed at the 
same time as the second area is thinned (when us- 
110 ing a through-mask etching technique this is ar- 
ranged quite simply by so designing the maske 
that the "between-leg" portions remain exposed). 
Over the whole of the first area the between-leg 
portions are consequentially subjected to the same 
115 thinning as that effected to the second area, and 
this is in fact particularly advantageous because 
(as described further below) it greatly reduces -he 
degree of undercutting of these leg portions as 
compared with a process whBrein all of the depth 
120 of the between-leg portions is removed at one go. 
Having removed material from the second area 
of the blank the method of the invention results in 
the intended fragile components being upstanding 
from a base. The material forming this base will, in 
125 the second stage, be removed to leave the fragile 
components free, so forming the final, fragile area 
- which, in a lead-frame, is the assembly of inner 
leads. However, because this final form is so frag- 
ile it is desirable to support the whole area before 
130 the second stage removal is effected, and this is 
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done, in the method of the invention, by fiiling ihe 
gaps between the upstanding fragile components 
with a fixing material that will, as required, support 
and fix them in place. This fixing material can, nat- 
5 urally, be any appropriate to the circumstances - 
and, where it is not to be removed after the second 
stage material removal has occurred, but is to stay 
as a pan of the final device fas is preferred where 
the device is a lead-frame), this fixing material will 
IC aiso be appropriate to the type or device. A lead- 
frame device is to be packaged with an eiectricaily- 
' insulating packaging material; conventional pack- 
aging materials are olastics {such as silica-fiiled 
epoxies like POLYSET 4108 (3.T.M.) and NITTO 
15 HC 10 type 2) and ceramics isuch as alumina and 
beryllia), and ciesrly the fixing material should be 
compatible with the packaging material. Fixing ma- 
terials compatible with one c: other plastics pack- 
aging material are generally the thermosetting 
20 resins, specifically the epoxies {such as those 

named above) while those compatible with one or 
other ceramics packaging material are generally 
giasses and glass-ceramics. 
The actual mode of emplacement of the fixing 
25 material may be whatever is appropriate. For ex- 
ample, a fixing material that is a polymeriseo plas- 
ties might be "mjectsc" or "squeezed" into place 
;n the form of a pasty but rlcwable pre-polymer 
mixture (the final polymerisation then taking place 
30 in situ); a thermoplastics fixing material might 
even be "melted" into place. Similarly, a glassy 
fixing material might likewise be applied, in an un- 
fired form, and then fired in situ. In one preferred 
case the fixing material is a glass-iike lithium alu- 
35 mina silicate, and is deposited in a glassy state and 
fired in situ to convert it to a glass-ceramic state. 

As intimated above, the fixing material either 
may be removed at some later stage or may be left 
in piace serving some useful function, 
ao Once the-inter-frag'ile-component spaces have 
been filled with tbe fixing material, the material 
constituting the supporting base of the fragile 
components is removed from the other major face. 
As in the case of the removal of blank material in 
45 the first stage, the removal technique may be any 
appropriate, as described above. Moreover, as in 
the first stage, blank material can be removed not 
only from the second area but also from the first 
area. For example, to make a lead-frame half the 
50 thickness of first area material in the between-leg 
portions is removed (from one major face) in the 
first stage, and the rest - so separating the'"!egs" 
one from another - is removed (from the other 
major face) in the second stage. 
55 Any "masking" techniques required, particularly 
to ensure registration of wanted and unwanted 
portions on one face with the corresponding 
wanted and unwanted portions of the other face, 
are well known, and need no comment here. 
60 Having removed blank material in the second 
area both from one major face, and then, after 
supporting the formed fragile components, from 
the other major face, the device is complete. If it is 
a lead-frame, for example, it can then be used - a 
65 chip can be mounted in the centre of the second, 



fragile, area surrounded by the free ends of . 
fine inner leacs (this central portion will nor.- 
have been removed, either during the etchir. . 
process cr by some aporopriate alternative 

70 method, perhaos as a preliminary measur: 
leads can be connected {by wire -bonding ■ • • 
to the relevant chip oads, ihe whete may * 
encased in some suitable protector materia 
by ciacing it in a small "box" sealed with - 

75 rate iid), but with "he remains of the roor 
area • the "leg" portions - projecting the: • 
and ready to be bent or otherwise mechar 
shaced into the cesired "leg" form. Aiterna 
the lead-frame may be incorporated within 

30 empty, chip-less cpen-tcp package [so try 
seme subsecueru time :he chip may be i; 
into piace end its pads connected up to :h'- 
leads, and a lie attached and sealed shut), 
process of making such a device is describee 

35 inafter in more detail with reference to the \ 
psnyir.g Drawings and the Examples. !t is hev : - 
useful to note that the iead-frame as first r.r* ■ 
structed commonly has integrated therew:-f. 
whole series of strengthening end retaining ;:.^r:.- 

90 bers isome of which may be of a plasties, or other 
r. on-conducting substance, that is iaid in pla:.c 
after the first face treatment but before the z t .or-.-i 
face treatment;, together with = series of 
points conductiveiy connected to the "leg" 

35 tions; some of these extra features of the iead- 
frame are removed once the completed chip-con- 
taining package has been made, whiie ethers are 
removed after the oackage and its contents : "avs 
been tested. 

100 The invention extends, of course, to a device, 
particularly a lead-frame, whenever fabricated by 
the method of the invention. 

Various embodiments of the invention are 
described, though by way of illustration oniy, v*\\-.'. 

105 reference to the accompanying drawings in which: 
Figures 1A, 3, C and D form a sequence v : ; - * • 
spective diagrammatic, views showing symbo:i- 
cally the application of the method of the 
invention; 

1 10 Figures 2A, 3 and C form another sequence of 
perspective, diagrammatic, views showing y •* var- 
ious stages in the application of the inventive 
method to the fabrication of a leadframe. 
Figures 3A, 3 and C show three "plan" views v 
115 three leadframe layouts before actual use; 

Figures 4A. 3 and C show respectively enr sir- 
vation see-through, perspective and top-p'r** v.-;:*- 
through views of a 0IP employing a leadfraiv.e tru - 
ncated according to the invention; and 
120 Figures 5A to G form a sequence of sectir -*.?!, 
diagrammatic, views showing symbolically . 
plication of the method of the invention. 

It is convenient first to consider the sequ. 
operations illustrated by the Figure 54 to G ssrv}.-. 
125 It is generally as follows:- 

A) The starting point is a blank (10) * a sH? t .-t of 
the appropriate material {in a leadframe th..*' •" 
be a conductive metal such as NILO K). 
S) The blank is protected on one surfs; - - :: ; 
130 upper surface as viewed - with a mask IK ' 
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ir.g the form of the recuired fragile area. In 3 lead- 
frame -his area would be that containing'the fine 
inner leads. 

C) 3lank material is removed, through the 
5 mask. :o roughly half the blank's depth. Undercut- 
ting (as 19) rakes place. 

0) After removal of the mask (not shown sepa- 
rately) the thus-formed fragile area is enceosuiated 
with fixing material u3). When making a lead 
10 frame -his material is conveniently a ncn-conduc- 
tive giass. 

Ei The lower surface (as viewed) of the blank is 
new protectee witn a second mask defining 
the area that is about to be transformed into :ne 

15 desired fragile area. 

r) 3lenk material is removec, through this sec- 
ond mask, right "down" ro the fixing-materiai-sup- 
porced pans of the fragile area (the ieacfrsme's 
fine inner Ssacs), so forming the desired fragile 

20 area (generally 15; supported by the fixing material 
13. 

G} The mask is then removec. 
The sequence of ODerations illustrated by :he 
Figures \A. 3, C and D series is generally 3s fci- 
25 iows: 

A) a planar, sheet-like blank *;0 of isacframe 
material chat is overall of a robust construction is 
protected on one surface (the upper surface, as 
viewed) with a mask (11) defining the form of the 

30 required fragile area. 

3) Blank material is then removed, througn the 
mask, to a depth of roughly naif the blank's thick- 
ness, so forming a recess (12) in the upper surface, 
anc this recess is then filled with sufficient fixing 

35 material 13 to support both the fragile area formed 
in the final stage, and the immediate surrounds 
thereof. 

C) The tower surface (as viewed) of the lead- 
frame blank is now protected with a second mask 

40 14 defining the whole of the area which is to be 
transformed into the "required fragile area. 

O) Blank material is then removed, through this 
second mask, right through to the fixing-material- 
filled recess 12, so forming the desired fragile area 

45 15 supported by the fixing material 13. 

Figures 2A 8 and C are a series of perspective 
views from above {A and 8) and from below (C! 
showing various stages in the formation of a lead- 
frame. Figure 1A depicts the stage after removal of 

50 blank material from one major surface so as to de- 
fine the fragile inner leads (as 25). At the same 
time, there is removed half the thickness cr* the 
blank material elsewhere - the between-leg portion 
- so as to form in part the outer leads/legs (as 22) 

55 of the desired leadframe. In Figure 25 there C3n be 
seen in place the fixing material (23), which takes 
the form of a square "ring" of material moulded 
snugly over the inner leads and leaving a chip- 
sized central area (24-) unfilled. Finally, Figure 2C 

60 shows from below (as viewed) the leadframe after 
the remaining unwanted blank material has been 
removed. From this Figure it will be clear how the 
fragile inner leads 25 are safely supported by the 
ring of fixing material 23 while the outer leads 22 

65 now stand free, and support themselves. 
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The views or Figures 3/4, 8 and C are top plan 
views of three different iead frames. That of Figure 
2A corresponds to the leadframe of. Figure 2C, that 
of Figure 28 relates to a yet more realistic lead- 

70 frame, while that of Figure 3C is a slightly enlarged 
view of a real leadframe. 

The leadframe of Figure 35 is a four-sided device 
with 13 leads (as 311 a side (making 52 leads in 
all). Each lead has a fine, fragile, inner portion (as 

75 31/1 and a relatively robust outer portion (as 21 o). 
Within the general area of the inner leads 31; there 
is a square ring-like lead support {of lead fixing 
material! whose ; nner edge is defined by the inner 
tips cf the leads and whose outer edge is shown 

30 by the perimeter line (32). Further out from this pe- 
rimeter is a line (231 indicating where the boundary 
or" the package, forming the desired flat pack, will 
lie, and just beyond this is- a first lead support ring 
(3*1 cf 2 ncr.-conduciive plastics. Much beyond- 

35 that, in the robust cuter lead area, is a second ncn- 
conauctive iead support ring £35), and beyond that 
still is a peripheral band of leadframe blank mate- 
rial {26} temporarily holding the outer ends of the 
leads together in registration. Finally, just within 

90 ihe second support ring 35 each le3d widens into a 
test contact portion (as 37). 

The preparation of the. leadframe cf Figure 23 is 
as r'oilows. First, from one major side of a blank, 
there is removed, to half the depth of the blank, ail 

95 the materiai between both the inner leads and the 
outer leads/legs, save for the outer ring 2£. Next, 
the fixing-materia! inner ring (like 23 in F : gu/e 2Ai 
is placed in position. Then, all the rest of :ne blank 
materia! between the outer leads/legs, 3nd all the 
100 remaining materiai within the recess periphery {as 
defined by line 32) is removed from the other side. 
The finished lead-frame may then be attached to 
the material which serves as the base of the flat 
pack. Finally, after possibly bending the leads into 
105 the shaoe required for use, the two support rings 
34, 35 are placed in position. 

At this stage, a chip may be mounted and con- 
nected up to the leadframe, the outer blank mate- 
rial ring 36 may be cut off, and the correct working 

110 of the chip tested by signals and power sent in and 
out via the test pads 37; a protective covering may 
be added; and finally the leads may be cut just 
outside the first support ring 34 and bent tif not al- 
ready done) into the required shape for use. 

1 15 Figure 3C shows, slightly enlarged, the lead lay- 
out of a real leadframe. It is comparable to Figure 
35 without the laaer's two non-conductive support 
rings, but has 50 leads a side (making 200 leads in 
all). 

120 Finally, the sequence of Figures 8 and C 
shows various views of a simple Oual Inline Pack- 
age using a leadframe fabricated in accordance 
with the invention. Figure 45 gives a general, per- 
spective view from above, while Figures and 8 

125 are respectively a see-through end elevation and a 
see-through top plan. From these two see-through 
views it will be apparent that the leadframe has 12 
leads {41; 6 on each of the two opposed long 
sides) that each have a fragile inner portion (410 

130 and a robust outer portion (41o). The inner por- 




tions 41/ are suoported by a "sfab" (42) of fixing 
material, and mounted on that, and connected by 
wires 'as -3) ;o the inner portions is -he chio 
The wrote is encased in a protective package 
5 (451, with the ends or the lead outer portions 4'.o 
projecting therefrom tc form iegs. 

The following Examcle is given, though again by 
way of illustration only, ro show details of one pre- 
ferred method or the invention. 

10 

S;<a rr.p ie : Prep ara :io n cf a 'a a errs m e 

S:age / Prsiiminsr/ preparation of (he lead frame 

In the r.ormai wav of O.'mm sheet of N!LO K (an 
■5 = Hoy of =4 wt% iron. 29wt% nickei ana 17wt% co- 
balt) was cut to sice, pierced with the reauisite 
tooiing/lccating scerrures, and then vapour de- 
creased tc remove ts oily protective coating. The 
surface was ther, de -oxidised 3 no slightly rough- 
2C ened iabreced) by passing it through a conven- 
tional pumice .'sr scrubber. 

Stag J 2 rirs: masking sr.d stoning 

Using a standard cry film resist laminatcr, 3 

25 0. 02 5. mm :ayef c: s LiV-sensitive Dhoic-rssist (Du- 
pont's rtiSTCtt iR.T.iVt.J a pciyvinyl-glycicyl acry- 
late) was spclieo to each side of :he biank. The 
coated blank was ;hen located in an imager (a Ou- 
ponc ?C Printer LichtboxJ, and exposed for 3 suita- 

30 ble intensity'time to UV light through an 

approcr'ate artwork master mask, causing partial 
poiymeration of the unshielded resist layer are3S. 
After removal c: the unexposed (unpoiyrr.erised) 
resist, by passing the blank through a resist devel- 

35 oper containing CHLGROTHENt (R.T.M.J {a trichio- 
roethane-based solvent), the remaining resist was 
baked -at 3G e C (to complete the polymerisation). 

The ihus-maskeo biank was then spray arched, 
using a conventional ferric chloride etch ant at 30°C 

ao for sufficient time" (a few minutes) tc allow the 
etchant to penetrate about 0.5mm - half the blank 
thickness - into the blank material. After washing, 
the remaining resist was then removed by passing 
the blank through a bath of SYNSTRYP {R.T.M.) 

45 solvent (based on dichlcromethane). 

At this stage the ( biank had the complete lead 
partem - both the larger outer leads and the very 
much finer inner leads - etched on one sice to a 
depth haifway through the material. 

50 

Stage 3 Classing the e ine inner leads 

In order to enhance the adhesion of the subse- 
quent glass material to the leadframe, a "furnace 
oxide" coating was then formed on the blank sur- 

55 face by heating the blank in nitrogen with some 
oxygen in a furnace to around 900°C over a period 
of half an hour. Then, using a graphite frame to lo- 
cate and contain it, a finely powdered lithium alu- 
mino-silicate glass was applied to the half-etched 

60 fine inner lead area of the blank and fixed into 
place by fusing in a furnace to about 900°C. In this 
way the glass flowed around, and "encapsulated", 
the fine leads. 

65 Stage 4 Second masking and etching 
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After deoxicising the blank (bv a 5 minute dio in 
50% hydrochloric 3cld a: 55'C), the techniques de- 
scribed in Stage 2 above were used to form -3 oho- 
toresist coating on the non-gi-assed surface. 

70 convert this into an acprcpnate etch-resistant mask 
(the giassad surface was additionally given an 
etch-resistant coating of Robertsons Chemicals' Re- 
sist 1993. an air-crying liquid resist), etch away the 
unwanted biank material (so defining the "bottom" 

75 half of the large outer !e3ds. end removing 5I1 the 
material in the area "underneath" the fine Inrer 
ieedsi, and remove :ne residue of the photoresist 
coating. 

The resuit was the desired '.eacframe, having 
30 large; seif-supcorcing outer ieads having 3 cecth 
equal to that of the original blank and being inte- 
gral with the glass-supported fine inner feads hav- 
ing half that oeptn. 

35 CLAIMS 

1. A method c: -'acricsiing a generally pianar, 
sheet-like, device having 3 first, robust, area and, 
contiGuous therewith, a second, fragile, area to ce 

30 constructed by removal of some cf the meters! of 
whicn the device consists, in which metnec: 

ai starting witr a corrssponcinc generally 
pianar, sheet-like i-ian!-:. in which both ^irs: i.-.d 
second areas are rebus:, some cf the materia! to 

35 be removed from the blank to make the secona, 
fragile, area is so removed from one major race of 
the biank, to form fragiie components upstanoing 
from, and supported by, a base of the blank mate- 
rial; 

100 b) the thus-formed components are intimately 
surrounded by a fixing material, so as to suoport 
and fix them in piace: and thereafter 

c) the remainder of the material to be removed 
from the biank to make the second, fragile, ares - 

105 the base from which the fragile components are 
upstanding - is so removed from the other major 
face of the blank, so forming the required second, 
fragile, area supoorred and fixed by the fixing ma- 
terial and contiguous with the first, robust, area. 

110 2. A method as claimed in Claim 1, applied to 
the fabrication of a leac-frome. 

3. A method as claimed in either of the preced- 
ing Claims, in which, where the device is a iead- 
frame, the material of which the blank is consti- 

115 tuted is a nickel-iron alloy, or copper or a cooper- 
based alloy. 

4. A method as claimed in any of the preceding 
Cclaims, in which, where the device is a lead- 
frame, the "robust" area ends up as the "legs" or 

120 the final package, tough enough to withstand han- 
dling, while the "fragile" area ends up as ex- 
tremely fine conductors rather more delicate than 
human hair. 

5. A method as claimed in any of the preceding 
125 Claims, in which, where the device is a lead-frame, 

material is removed both simply to "thin" the 
sheet over the whole of the defined, second, area, 
so that Is becomes more suitable for forming into 
the inner leads of the lead-frame, and from be- 
130 tween those portions that are to be the leads, so 
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separating each lead from its neighbours; in the 
first stage the tetween-ieac! blank material is re- 
moved from one of the blank's majcr faces, so 
leaving '.he firmed leaas flush with this major face, 

5 and standing proud rromthe remaining "thick- 
ness" of the biank (which therefore constitutes a 
base carrying the formed leads), wnife in rhe sec- 
ond stage that base ; s removed from the ether ma- 
jor face, so ending with the leads ; n this area 

10 having a deoth equal to roughly hair the blank's 
original Thickness. 

6. A method as daimec in 3ny of the preceding 
Claims. in whicn removal of material from the 
biank is accomoiished by a chemicat stoning tech- 

15 r.icue. 

'7. A method as claimed in any of the preceding 
Claims. in which in the first stage material is re- 
moved Tern the second area of the biank (that 
area destined to become the fragile area of the de- 

20 vice), '.o .rave the intended fragile components up- 
standing from, and supocrtsd by, a base 
constituted by second ares olank material that has 
not beer, removed, and at -he same time materiel 
' is also removed from the first area (the area des- 

25 :inec to become the robust area of the device). 
S. A method as claimed in Claim 7, in whicn, 
where :~e device is a. lead-frame, trie robust ire 3 
materia: between those portions destined to be the 
outer part or the leads is removed 3t the same 

20 time- as the second area is tninned. 

9. A method as claimed in any of the preceding 
Claims, in which, where the device is a iead-frame, 
:he flxir.c material is a silica-filled apoxy or a class 
or glass-ceramic. 

35 10. A method as claimed in any of the preced- 
ing Claims, in which, where the device is a lead- 
frame, the material constituting the supporting 
base of the fragile components is removed from 
• he other major face, and is removed not oniy from 

40 the second area but also from the first area; half 
•he thickness of first area material in the between- 
ieg portions is* removed {from one. major face) in 
the first stage, an^j the rest - so separating the 
"legs" one from another - is removed (from the 

45 other major face) in the second stage. 

n. A method as claimed in any of the preced- 
ing Claims and substantially as described her- 
einbefore. 

12. A iead-frame whenever fabricated by a 
50 method as claimed in any of the preceding Claims. 

Amendments to the claims have been filed, and 
have the following effect- 
la) Claim 1 above has been textually amended. 
55 (b) New cr textually amended claims have been 
filed as follows:- 



be removed from the blank to make the second, 
fragile, area is so removed from one major face of 
the blank over a oroportion of its' thickness, to 
form fragile components upstanding from, and 
70 supported by, a remaining base of the blank mate- 
ria I ; 

b) the thus-formed components are intimately 
surrounded by a fixing material so as to be firmly 
embedded therein, so that the fixing material suo- 
75 ports and fixes the comDonent in place; and there- 
after; 

ci the remaining base 'rom which the 
fragile components are uostandinc !s removed 
from the other major fscs of the blank to leave the 

30 components separated from each other, to form 
the recuired, second, fragile area supported and 
fixed bv the fixing material and contiguous with 
the first, rcbust. area such that each component 
which is formed by the removal of the base has a 

35 wice exposed surface. 
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1. A method of fabricating a generally planar 
sheet-like device having a first, robust, area and, 
60 continguous therewith, a second, fragile area to be 
constructed by removal of some of the material of 
which the device consists, in which method: 

a) starting with a corresoonding generally 
planar, sheet-like blank, in which both first and 
65 second areas are robust, some of the material to 



